Materials: Cobalt nitrate hexahydrate (Co(NO 3 ) 2 ·6H 2 O), N,N-Dimethylformamide (DMF), and ethylalcohol were purchased from Sinopharm Chemical Reagent (Shanghai, China) and used without further purification. P-phthalic acid (1,4-bdc) were purchased from J&K Scientific Ltd. Hydrochloric acid was purchased from the Shuangshuang Chemistry Company (Yantai, China). 1,3-bis(imidazole-1-yl) benzene (1,3-bib) was purchased from Jinan Camolai Trading Company (Jinan, China). Deionized (DI) water (>18 MΩ) was used as a solvent in the synthesis. GO was purchased from Institute of Coal Chemistry, Chinese Academy of Sciences. Nitrogen gases were supplied in cylinders by Heli factory with 99.999% purity.
0.4 mmol) was dissolved in 2 mL of DMF. Then we mix these two solution, and different content of GO (2, 5, 10, and 15 wt%: based on the total quality of initial solid materials) were added to the mixtures. The vessel was heated at 120 °C with a heating rate of 1.2 °C min −1 in an oven for 36 h followed by slow cooling to room temperature at 0.4 °C min −1 . The purple crystals were collected through filtration and washed with DMF and C 2 H 5 OH several times and dried under vacuum.
Synthesis of Co clusters Hybrid (Co/N-r-GO-850):
The above prepared Co-MOF/GO hybrid were transferred to tube furnace and heated from room temperature to 850 °C at a heating rate of 2 °C min −1 for 2 h under an N 2 atmosphere before cooling down to room temperature. Reduced GO is considered to be a special type of support to increase activity and stability, because its sp 2 -hybridized carbon structure which provide better conductivity. [2] [3] To eliminate Co/N-r-GO hybrid catalyst surface impurities and bulky cobalt, the sample were stirred at room temperature in 3.0 M HCl solution for 12 hours, and afterward washed to neutral with deionization water. The synthesis path to Co/N-r-GO-850 is charted in Scheme 1.
Characterization:
The phase structures were characterized by XRD (DX2700, China) at a scan rate (2θ) of 2° min −1 , operating at Cu Ka radiation (l=1.548 Å) with an accelerating voltage of 40 kV and an applied current of 30 mA. transmission electron microscopy (TEM), high-resolution TEM (HRTEM) and high-angle annular dark-field scanning transmission electron microscope (HAADF-STEM) with energy-dispersive X-ray spectrometry (EDS) images were obtained using a FEI Tecnai F20 electron microscope with an accelerating where I R is the ring current, I D is disk current and N = 0.43 is the current collection efficiency of the Pt ring.
Zinc-air battery test:
To construct the ZAB, a zinc plate was used as an anode, and 6 M KOH was used for the electrolyte. The air electrode was prepared by uniformly coating dispersed solution of catalyst ink onto porous carbon paper (1 cm −2 ) to achieve 1 mg cm −2 loading and then drying it at room temperature. An assembled ZAB was performed at different discharge currents. 
